Abstract: The prognosis of advanced gastrointestinal stromal tumors (GISTs) was dramatically improved in the era of imatinib. Cytoreduction surgery was advocated as an additional treatment for advanced GISTs, especially when patients having poor response to imatinib or developing resistance to it. However, the efficacy and benefit of cytoreduction were still controversial. Likewise, the sequence between cytoreduction surgery and imatinib still need evaluation. In this study, we tried to assess the feasibility and efficiency of cytoreduction in advanced GISTs. Furthermore, we analyzed the impact of timing of the cytoreduction surgery on the prognosis of advanced GISTs.
INTRODUCTION

G
astrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the gastrointestinal tract, and frequently result from activating mutations in KIT (CD117) or platelet-derived growth factor receptor alpha. 1, 2 Complete resection remains the standard treatment of primary GISTs. Before the introduction of the tyrosine-kinase inhibitor (TKI) imatinib, the prognosis of advanced (metastatic or recurrent) GISTs was poor. [3] [4] [5] [6] Following the establishment of imatinib as a treatment choice, the median survival of patients with advanced GISTs has increased to beyond 24 months, based on the potential of the medication to downsize the tumor. 3, 5 However, not all GISTs respond to targeted therapy, and approximately 20% of patients do not tolerate specific TKIs. 1, [6] [7] [8] In addition, the majority of patients initially benefiting from imatinib eventually develop resistance. [9] [10] [11] Therefore, cytoreduction surgery for advanced GISTs is thought to be an additional therapy for patients responding to imatinib. Some authors advocate surgery for patients with metastatic GISTs on imatinib to delay or prevent progression due to drug resistance. However, others feel that cytoreduction surgery might not benefit patients owing to its limited prolongation of survival accompanied by a high possibility of surgical complications.
The aim of this study was to investigate whether patients with advanced GISTs benefit from cytoreduction surgery. In addition, we examined the timing of surgery, that is, if it is more beneficial to apply it before or after treatment with imatinib in patients with advanced GISTs.
PATIENTS AND METHODS
Study Design
This was a prospective data collection and retrospective review study. We prospectively collected medical data from all patients with GISTs treated at CGMH, Linkou, Taiwan between January 2001 and June 2013. The Chang Gung Medical Foundation Institutional Review Board has approved this study. Demographic information and medical, operative, postoperative, and pathological records were prospectively collected in a computerized GIST database. In addition, we retrospectively reviewed patients with advanced GISTs (including metastatic GISTs, local recurrence after initial resection, and combination of metastasis and recurrence) who received imatinib (Gleevec1; Novartis, Basel, Switzerland) therapy. Patients with advanced GISTs started receiving imatinib at a dose of 400 mg once daily, and all patients continued imatinib until they experienced disease progression or unacceptable toxicity.
Demographic information was collected, along with the results of clinical analyses and the location of the primary tumor. All images such as chest radiographs and abdominal computed tomography (CT) scans were reviewed. Metastasis was defined as a tumor presenting in a location in addition to the gastrointestinal (GI) tract. Tumor recurrence was defined as evidence of tumor existence by means of imaging studies during regular follow-up after previous surgery. The response to imatinib was evaluated according to the Response Evaluation Criteria in Solid Tumors with CT Scans guidelines (RECIST), 12 including complete response (CR), partial response (PR), stable disease (SD), or progression of disease (PD). Tumor size was measured in at least 5 target lesions with the sum of the largest dimension that was used as a response evaluation indicator as described in RECIST as the total size of the tumor burden. 13 The response to imatinib was assessed every 3 months after imatinib use for first 3 years and then follow-up every 6 months thereafter.
We performed cytoreduction surgery in advanced GISTs to remove the tumor whether it was a primary tumor, a recurrence, or a metastatic site, extending the surgery as radically as possible. On the basis of whether cytoreduction surgery was performed, we divided the patients into surgical and nonsurgical groups. In the surgical group, on the basis of the timing of the surgery, we classified patients into a group with metastatic and/ or recurrent GISTs who received cytoreduction surgery before imatinib use (early group), and a group who received surgery after imatinib use (late group). In early cytoreduction group, patients underwent cytoreduction surgery first. After patients recovered from surgery, we performed the CT and started imatinib. In late group, we begin imatinib and assessed the response then performed cytoreduction surgery. The timing and follow-up protocol were the same between 2 groups. In the late group, we performed the operation when patients had experienced clinical benefit following imatinib use, including CR, PR, or SD. Those who showed PD after imatinib use were excluded from this portion of the study to compare and clarify the timing of surgery between the early and late groups. The primary goal of surgery was to achieve complete microscopic resection (R0). In those patients with multiple metastases, debulking surgery was performed to as great an extent as possible, but sparing the function was the ultimate goal. The resection status was classified as R0, complete macroscopic resection (R1), and residual macroscopic resection (R2), according to the histopathological examination.
Progression-free survival (PFS) was defined as the time from the date when intervention (surgery or Imatinib) was initiated to the date of documented progression of residual disease or recurrent disease. Overall survival (OS) was defined as the length of time from the date when intervention was initiated to the date of patient death from any cause or the end of this review. Surgical morbidity was defined as the complications related to surgery including leakage, intra-abdominal abscess, or surgical site infection. Surgical mortality was defined as death within 90 days after the surgery.
Statistics
All numerical continuous data were compared using an independent Student t test, and categorical variables were analyzed using Pearson x 2 test or Fisher exact test and multiple forward stepwise logistic regression analysis when needed. The survival rates were calculated with the Kaplan-Meier method, and survival analysis was conducted using the log-rank test. The Cox proportional hazards model was used for multivariate regression analysis. SPSS v. 20.0 for Macintosh (SPSS Inc, Chicago, IL) was employed for statistical analysis. The definition of statistical significance was P < 0.05. Table 1 summarizes the clinical features of a total of 182 patients with metastatic or recurrent GISTs. There were 76 of 182 patients in the surgery group and 106 in the non-surgery group. In the surgery group, 54 patients underwent surgery before imatinib treatment (early group); in contrast, 22 patients underwent surgery followed by imatinib treatment (late group). There was no patient with advanced GIST undergoing cytoreduction surgery without imatinib use.
RESULTS
Study Population
There were 110 male and 72 female patients, with a mean age of 55.89 years in the surgery group and 58.42 years in the non-surgery group. The primary tumor site for the GISTs was the stomach in 64 patients, whereas the tumors were small intestinal in 91 patients, colorectal in 13, and located in other sites in 14. A total of 89 (48.9%) patients presented with metastatic GISTs; 93 patients experienced recurrence of GISTs during follow-up. Between the surgery and non-surgery groups, there were no significant differences regarding age (P ¼ .21), sex (P ¼ .56), primary tumor sites (P ¼ .18), or tumor distribution (P ¼ .15). Comparing the response to imatinib, the CR and PR rates were higher in the surgical group than in the nonsurgical group (P < 0.001 and P ¼ 0.008, respectively). The SD was higher in non-surgical group, however, not reaching statistical significance (19.8% vs 10.5%, P ¼ 0.098). Furthermore, the PD rate was lower in the surgical group than in the nonsurgical group (3.9% vs 18.9%, P ¼ 0.003). The 1-year, 3-year, and 5-year PFS rates were better in the surgical group than in the nonsurgical group (89% vs 56%, 87% vs 32%, 64% vs 17%, respectively; P ¼ 0.003) (Figure 1 ). The 1-year, 3-year, and 5-year OS rates were also better in the surgical group than in the nonsurgical group (93% vs 81%, 77% vs 69%, 58% vs 42%, respectively), although there was no significant difference (P ¼ 0.088, Figure 2 ).
Timing of Cytoreductive Surgery
To clarify the timing of cytoreduction surgery combined with imatinib for patients with advanced GISTs, we divided the patients into early and late cytoreduction groups. Table 2 shows a summary of these patients. The early group comprised 54 patients who underwent cytoreduction surgery before treatment with imatinib, whereas the other 22 patients, who received surgery after imatinib therapy, constituted the late group. The age, sex, primary tumor location, distribution of metastasis or recurrence, tumor size, maximal size, and metastatic/recurrent site were similar between the 2 groups ( Table 2 ).
Comparing these 2 groups, the R0 resection rate was higher in the late group than in the early group (59.1% vs 31.6%, P ¼ 0.027). The surgical morbidity was similar between the 2 groups (9.3% vs 9.1%, P ¼ 0.86). There was no surgical mortality in either of the 2 groups. The length of total hospital stay and postoperative stay were comparable between the 2 surgical groups. The response to imatinib, including CR and PR, was higher in the late group than in the early group (100% vs 79.6%, P ¼ 0.022). The SD was higher in early group, however, not reaching statistical significance ( Table 2 ). The 1-year, 3-year, and 5-year PFS rates in the early group and late group were 83.0% versus 100.0%, 67.8% versus 69.3%, and 55.7% versus 49.6%, respectively (P ¼ .63, Figure 3 ). The 1-year, 3-year, and 5-year OS rates in the early group and late group were 92.6% versus 100%, 76.6% versus 84.2%, and 64.7% versus 66.9%, respectively (P ¼ 0.56, Figure 4 ). 
DISCUSSION
After the development of imatinib, surgery still remained one of the main treatment modalities for GISTs, either in primary, recurrent, or metastatic tumors. Furthermore, published evidence has shown that <5% of the lesions responding to imatinib exhibit a complete pathologic response, suggesting that medical management is only part of the optimal therapeutic strategy.
14 Progression eventually develops because of drug
resistance. An increasing amount of literatures suggests that cytoreduction surgery or metastasectomy in combination with TKIs may increase PFS and OS in selected patients. 6, 10, 12, 14 However, conflicting data regarding the role of surgical cytoreduction in advanced GISTs have also been reported. 15 The remarkable fact in this study is the trend of cytoreduction surgery achieving higher rates of CR, PR, or SD and further lowering the rate of PD. Furthermore, the results of the present study support the conclusion that cytoreduction surgery combined with imatinib does prolong survival in patients with metastatic or recurrent GISTs when compared with imatinib use alone. This is reflected by the fact that PFS in the surgery group was significantly prolonged compared with those in the nonsurgery group (P ¼ 0.003). Surgery reduces the tumor burden and delays the time to the development of secondary resistance to TKI therapy, contributing to prolong PFS. 10, 12, 14, 16 Consequently, it prolongs the time to tumor progression, and increases the possibility of patients' response, and even cure. Similar to previous evidence, the OS of patients with advanced GISTs in our study was strongly related to the preoperative response to TKI therapy. 6, 17, 18 However, in our study, the OS in the surgery group tended to be superior to that in the nonsurgery group, although statistical significance was not reached. Therefore, we considered that cytoreduction surgery could benefit the advanced GIST patients.
As the cytoreduction surgery might prolong the survival, the timing of the cytoreduction surgery became another issue. In the present study, we performed analysis to clarify the timing of cytoreduction surgery. The patient characteristics were comparable in the early and late cytoreduction groups, especially considering the tumor burden, including the maximal tumor size and total tumor size, which minimized the selection bias in this study. The early or late surgery achieved comparable surgical morbidity, mortality, and length of stay. Higher R0 resection rates as well as CR and PR rates were found in the late group. However, the PFS and OS were similar between the 2 groups. We demonstrated that early cytoreduction surgery is difficult to achieve R0 resection when compared with late cytoreduction. It might be partly explained by the huge tumor size or disseminated tumor distribution before imatinib use. Previous studies have demonstrated that R0 resection of advanced GISTs serves as an important prognostic factor and is correlated with the outcome. 6, 19 Hard to achieve R0 resection in early cytoreduction, theoretically, result in poor prognosis. In this series, we identified the lower R0 resection rate in the early group, but the survival is similar between both groups, which might be controversial to other results. 6, 19 There are several explanations for these findings. First, early surgery may lessen the tumor burden earlier to reduce the secondary resistance and increase survival. Second, for advanced GISTs, the nutrition absorption, motivation, and integrity of the GI tract might be compromised by the tumor, and early cytoreduction may help to recover the function of the GI tract and improve survival. Therefore, with caution, early cytoreduction surgery may be comparable with late cytoreduction in PFS and OS irrespective of whether complete resection is achieved.
Although our results may support the impact of cytoreduction surgery on advanced GISTs, there were several limitations inherent to this study. First, this was a retrospective study, although all data were collected prospectively and the characteristics of the groups were similar and homogeneous, selective, and recall bias could not be completely prevented. Second, lacking evidence from prospective randomized study, the role of cytoreduction surgery in advanced GISTs with response after imatinib use is still unknown. There were some patients hesitating to take cytoreduction surgery after imatinib use, contributing to the bias of patient's selection. Third, for patient with good response to imatinib, we usually performed surgery for these patients to reduce the tumor burden and prevent from the development of resistance to imatinib. Theoretically, this group of patients might have better prognosis, which lead another bias in our study. Fourth, the sequence of imatinib and cytoreduction surgery could not be controlled in this retrospective study, which induced crucial selection bias. Although we identified the factors influencing prognosis in early and late groups were comparable, which might minimize the bias induced by patient's selection. Another limitation of this study is that it was not double-blinded. Therefore, biases owing to patient and surgeon attitudes are likely to arise. The unblinded patients may have had more motivation to receive therapy because they thought they could undergo surgery. Unblinded surgeons may have been more aggressive in facilitating therapy after the operation. Hence, the placebo effect could not be completely avoided in this study. To overcome these limitations, our results should be confirmed by further prospective randomized controlled trials that examine the benefits of cytoreduction surgery in advanced GISTs.
In conclusion, compared with imatinib alone, combining imatinib with cytoreduction surgery significantly prolongs the PFS and lowers the rate of PD in advanced GISTs. With caution, early cytoreduction may be comparable with late cytoreduction in PFS and OS irrespective of whether complete resection is achieved.
